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Abstract of EP1 043550 

In a freezing cycle that utilizes a supercritical fluid 
as its coolant and employs an internal heat 
exchanger that performs heat exchange on the 
coolant on the outlet side of a gas cooler and on 
the intake side of a compressor, a means for 
adjustment that adjusts the quantity of heat 
exchange performed by the internal heat 
exchanger (4) is provided. The means for 
adjustment is constituted of a bypass passage (9) 
that bypasses the internal heat exchanger (4) 
and a flow-regulating valve (10) that adjusts the 
coolant flow rate in the bypass passage (9). The 
flow-regulating valve (10) is constituted of an 
electromagnetic valve, the degree of openness of 
which is determined based upon information with 
respect to the cycle state, or a bellows regulating 
valve that operates in correspondence to the 
pressure on the high-pressure side. Alternatively, 
the means for adjustment may perform 
adjustment by varying the passage length over 
which heat exchange is performed by the internal 
heat exchanger (4). Good cycle efficiency is 
achieved by maintaining the optimal high- 
pressure through cycle balance control. The 
freezing cycle can be temporarily protected 
against excessively high-pressure or excessively 
high discharge temperature at the compressor. 
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(54) REFRIGERATING CYCLE 

(57) In a freezing cycle that utilizes a supercritical 
fluid as its coolant and employs an internal heat 
exchanger that performs heat exchange on the coolant 
on the outlet side of a gas cooler and on the intake side 
of a compressor, a means for adjustment that adjusts 
the quantity of heat exchange performed by the internal 
heat exchanger (4) is provided. The means for adjust- 
ment is constituted of a bypass passage (9) that 
bypasses the internal heat exchanger (4) and a flow- 
regulating valve (10) that adjusts the coolant flow rate in 
the bypass passage (9). The flow-regulating valve (10) 
is constituted of an electromagnetic valve, the degree of 
openness of which is determined based upon informa- 
tion with respect to the cycle state, or a bellows regulat- 
ing valve that operates in correspondence to the 
pressure on the high-pressure side. Alternatively, the 
means for adjustment may perform adjustment by vary- 
ing the passage length over which heat exchange is 
performed by the internal heat exchanger (4). Good 
cycle efficiency is achieved by maintaining the optimal 
high-pressure through cycle balance control. The freez- 
ing cycle can be temporarily protected against exces- 
sively high-pressure or excessively high discharge 
temperature at the compressor. 
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Description 

Technical Field 

[0001] The present invention relates to a freezing 5 
cycle achieved by using a supercritical fluid as a cool- 
ant, and more specifically, it relates to a freezing cycle 
provided with an internal heat exchanger that performs 
further heat exchange on the coolant at the intake side 
of a compressor and again at the outlet side of a gas 10 
cooler that cools down the coolant that is at high-pres- 
sure, having been raised by the compressor. 

Background Technology 

75 

[0002] A great deal of interest is focused on a freez- 
ing cycle that uses carbon dioxide (C0 2 ) as one of the 
non-freon freezing cycles proposed as alternatives to a 
freezing cycle (freon cycle) that utilizes freon. While a 
freon cycle in the prior art requires a liquid reservoir 20 
such as a liquid tank to be provided in the high-pressure 
line in order to absorb fluctuations of the load and leak- 
ing of the coolant gas occurring over time, a C0 2 cycle, 
in which the temperature on the high-pressure side 
exceeds the critical point (31.1°C), unlike in the freon 25 
cycle, does not allow a liquid tank to be provided in the 
high-pressure line, thus necessitating an accumulator to 
be provided on the downstream side relative to the 
evaporator. 

[0003] As a result, since the liquid reservoir is pro- 30 
vided on the downstream side relative to the evaporator, 
superheat control such as that adopted in a freon cycle 
cannot be implemented, and instead, a system that is 
capable of controlling the high-pressure and the capa- 
bility must be provided. 35 
[0004] In addition, since the freezing capability and 
the COP (coefficient of performance: freezing effect / 
compressor work) of a C0 2 cycle are inferior to those 
achieved by a freon cycle, the cycle structure as illus- 
trated in Japanese Examined Patent Publication No. H 40 
7-18602 may be adopted to improve the freezing capa- 
bility and the COP. 

[0005] To explain this cycle structure in reference to 
FIG. 5, a freezing cycle 1 that utilizes C0 2 is provided 
with a compressor 2 that raises the pressure of a cool- 45 
ant, a radiator 3 that cools down the coolant, an internal 
heat exchanger that performs heat exchange for coolant 
flowing through a high-pressure line and a low-pressure 
line, an expansion valve 5 that reduces the pressure of 
the coolant, an evaporator 6 that evaporates and gasi- so 
f ies the coolant and an accumulator 7 that achieves gas 
/ liquid separation for the coolant flowing out of the evap- 
orator. In this cycle, the coolant in a supercritical state 
with its pressure having been raised at the compressor 
2 is cooled down by the radiator 3 and is further cooled ss 
by the internal heat exchanger 4 before it enters the 
expansion valve 5. The pressure of the coolant thus 
cooled is reduced at the expansion valve 5 and thus the 



coolant becomes moist steam. After the coolant is evap- 
orated at the evaporator 6, gas / liquid separation is 
achieved by the accumulator 7, and then heat exchange 
with the high-pressure side coolant is performed by the 
internal heat exchanger 4 so that the coolant becomes 
heated before it is returned to the compression 2. 
[0006] These changes in the state of the cycle are 
as indicated asA->B^C->D-»E->F->Ainthe 
Mollier diagram in FIG. 6, with the coolant indicated by 
point A becoming compressed at the compressor 2 to 
become high-temperature, high-pressure coolant in the 
supercritical state indicated by point B, the high-temper- 
ature, high-pressure coolant cooled down to point C by 
the radiator 3 and further cooled down to point D by the 
internal heat exchanger 4. Then its pressure is reduced 
at the expansion valve 5 and the coolant becomes moist 
steam at a low temperature and a low pressure, as indi- 
cated by point E. Next, it becomes evaporated and gas- 
ified at the evaporator 6 before reaching point F. The 
coolant having passed through the evaporator 6 is fur- 
ther heated by the internal heat exchanger 4 up to point 
A, and then is compressed again by the compressor 2. 
[0007] Thus, the cycle provided with the internal 
heat exchanger 4 achieves a freezing effect which is 
greater by the enthalpy difference between point E and 
point E* compared to the freezing effect achieved by a 
cycle without the internal heat exchanger 4 (F-B'-C-E'- 
F), and since the work performed by the compressor 
(the enthalpy difference between point A and point G) 
does not fluctuate greatly whether or not the internal 
heat exchanger 4 is provided, the COP can be 
increased by providing the internal heat exchanger 4. 
[0008] It is known that the freezing capability and 
the COP of a C0 2 cycle are affected by high-pressure 
and that the COP is at its best at a certain pressure level 
(10-15 MPa). For instance, in the summer when the 
temperature of the coolant at the outlet of the gas cooler 
reaches approximately 40°C, there is a high-pressure p 
which allows the COP to reach a maximum value a as 
shown in FIG. 7. 

[0009] In addition, while the presence of the internal 
heat exchanger 4 contributes to improving the COP as 
described above, it is known that there is an optimal 
value for the heat exchange quantity that allows the 
COP to reach its maximum value as shown in FIG. 8. 
[0010] Accordingly, an object of the present inven- 
tion is to provide a freezing cycle utilizing a supercritical 
fluid as a coolant and provided with an internal heat 
exchanger to perform heat exchange on the coolant at 
the outlet side of a gas cooler and at the intake side of a 
compressor, which is capable of achieving good cycle 
efficiency by maintaining an optimal high-pressure 
through cycle balance control. Another object of the 
present invention is to provide a freezing cycle which 
can be temporarily protected against excessively high- 
pressure or excessively high discharge temperature at 
the compressor. 
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Disclosure of the Invention 

[0011] In order to achieve the objects described 
above, the freezing cycle according to the present 
invention, which uses a supercritical fluid as a coolant 
comprises a compressor that raises the pressure of the 
coolant, a gas cooler that cools down the coolant whose 
pressure has been raised at the compressor, an internal 
heat exchanger that performs heat exchange on the 
coolant at the outlet side of the gas cooler and at the 
intake side of the compressor, a means for pressure 
reduction that reduces the pressure of the coolant sup- 
plied from the gas cooler via the internal heat exchanger 
and an evaporator that evaporates the coolant whose 
pressure has been reduced by the means for pressure 
reduction. It adopts a cycle structure in which the cool- 
ant flowing out of the evaporator is returned to the com- 
pressor via the internal heat exchanger, and is 
characterized in that it is provided with a means for 
adjustment that adjusts the quantity of heat exchange 
performed at the internal heat exchanger. 
[0012] Thus, the high-temperature, high-pressure 
coolant having entered a supercritical state with its 
pressure raised at the compressor is then cooled by the 
gas cooler and is further cooled by the internal heat 
exchanger before it is led to the means for pressure 
reduction where its pressure is reduced until it becomes 
low-temperature, low-pressure moist steam. After it is 
evaporated and gasified at the evaporator, it enters the 
internal heat exchanger where its heat is exchanged 
with the heat of the high-pressure side coolant and then 
it is supplied to the compressor so that its pressure can 
be raised again. In this type of cycle, in which the high- 
pressure line operates in the supercritical range, if the 
high-pressure is caused to fluctuate by the external air 
temperature or the cooling load, the freezing effect will 
correspondingly fluctuate. However, by adjusting the 
quantity of heat exchange performed by the internal 
heat exchanger with the means for adjustment, the 
high-pressure is maintained at an optimal level, thereby 
making it possible to achieve the maximum cycle effi- 
ciency. 

[001 3] While a fluid such as C0 2 with a critical tem- 
perature in the vicinity of room temperature is used as 
the supercritical fluid and the cycle structure is provided 
with, at least, a compressor, a gas cooler, an internal 
heat exchanger, a means for pressure reduction and an 
evaporator as minimum requirements, the structure may 
be further provided with an accumulator on the coolant 
downstream side relative to the evaporator or an oil sep- 
arator between the compressor and the gas cooler. 
[001 4] An effective structure that may be adopted in 
the means for adjustment is constituted of a bypass 
passage that bypasses the internal heat exchanger and 
a flow-regulating valve that adjusts the coolant flow rate 
in the bypass passage. The flow-regulating valve pro- 
vided at the bypass passage may be constituted of an 
electromagnetic valve, the degree of openness of which 



is determined based upon information regarding the 
cycle state, or a bellows regulating valve that operates 
in correspondence to the pressure in the high-pressure 
line. While the bypass passage may be provided in the 
5 high-pressure line, it is more desirable to provide it in 
the low-pressure line from the freezing cyde design 
aspect. 

[001 5] With the means for adjustment structured as 
described above, the flow rate of the coolant flowing 

10 through the internal heat exchanger is adjusted by con- 
trolling the flow rate of the coolant flowing through the 
bypass passage and, as a result, the high-pressure can 
be set to an optimal level by varying the quantity of heat 
exchange performed by the internal heat exchanger. 

is [0016] Instead of adjusting the flow rate m the 
bypass passage, the means for adjustment may per- 
form adjustment by varying the length of the passage 
over which heat exchange is performed by the internal 
heat exchanger. With the means for adjustment struc- 

20 tured as described above, the quantity of heat exchange 
performed by the internal heat exchanger is adjusted 
and likewise, the cycle balance is controlled, by varying 
the range over which heat exchange is achieved 
between the high-pressure side coolant and the low 

25 pressure side coolant even when the flow rate of the 
coolant flowing into the internal heat exchanger remains 
constant. 

Brief Description of the Drawings 

30 

[0017] 

FIG. 1 illustrates a structural example of the freez- 
ing cycle according to the present invention; 
35 FIG. 2 is a schematic flowchart of the electromag- 
netic control implemented by the controller in FIG. 
1; 

FIG. 3 illustrates another structural example that 
may be adopted to control the coolant flow rate in 

40 the bypass passage shown in FIG. 1 ; 

FIG. 4 illustrates yet another structural example that 
may be adopted to control the quantity of heat 
exchange performed by the internal heat exchanger 
shown in FIG. 1; 

45 FIG. 5 illustrates the structure of a freezing cycle in 
the prior art; 

FIG. 6 presents a Mollier diagram of the freezing 
cycle shown in FIG. 5; 

FIG. 7 is a characteristics diagram illustrating the 
so relationship between the high-pressure in the freez- 
ing cycle provided with the internal heat exchanger 
shown in FIG. 5 and its COP; and 
FIG. 8 is a characteristics diagram illustrating the 
relationships among the quantity of heat exchange 
55 performed by the internal heat exchanger shown in 
FIG. 5, the discharge pressure of the compressor, 
the discharge temperature at the compressor, the 
freezing capability of the cycle and the COP. 
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The Best Modes for Carrying out the Invention 

[0018] The following is an explanation of preferred 
embodiments of the present invention given in refer- 
ence to the drawings. 

[0019] In FIG. 1, a freezing cycle 1 comprises a 
compressor 2 that compresses a coolant, a gas cooler 
3 that cools down the coolant, an internal heat 
exchanger 4 that performs heat exchange on the cool- 
ant in the high-pressure line and the coolant in the low- 
pressure line, an expansion valve 5 that reduces the 
pressure of the coolant, an evaporator 6 that evaporates 
and gasifies the coolant and an accumulator 7 that 
achieves gas-liquid separation of the coolant. 
[0020] In this freezing cycle 1 , a passage extending 
from the compressor 2 to the inflow side of the expan- 
sion valve 5, achieved by connecting the discharge side 
of the compressor 2 to a high-pressure passage 4a of 
the internal heat exchanger 4 via the gas cooler 3 and 
connecting the outflow side of the high-pressure pas- 
sage 4a to the expansion valve 5, constitutes a high- 
pressure line 8a. In addition, the outflow side of the 
expansion valve 5 is connected to the evaporator 6 and 
the outflow side of the evaporator 6 is connected to a 
low pressure side passage 4b of the internal heat 
exchanger 4 via the accumulator 7. A passage extend- 
ing from the outflow side of the expansion valve 5 to the 
compressor 2 achieved by connecting the outflow side 
of the low pressure passage 4b to the intake side of the 
compressor 2 constitutes a low-pressure line 8b. 
[0021 ] In this freezing cycle 1 , C0 2 is utilized as the 
coolant, and the coolant compressed by the compres- 
sor 2 enters the radiator 3 as a high-temperature, high- 
pressure coolant in a supercritical state, to radiate heat 
and become cooled. Then, it is further cooled down 
through heat exchange with the low temperature cool- 
ant in the low-pressure line 8b at the internal heat 
exchanger 4, and is supplied to the expansion valve 5 
without becoming liquefied. Next, its pressure is 
reduced at the expansion valve 5 until it becomes low- 
temperature, low-pressure moist steam, and then 
becomes evaporated and gasified the evaporator 6 
through heat exchange with the air passing through the 
evaporator 6. Subsequently, the coolant undergoes gas- 
liquid separation at the accumulator 7 and the gas- 
phase coolant alone is guided to the internal heat 
exchanger 4 where it undergoes heat exchange with the 
high-temperature coolant in the high-pressure line 8a 
before it is returned to the compressor 2. 
[0022] In addition, a bypass passage 9 which 
bypasses the internal heat exchanger 4 is provided in 
the low-pressure line 8b in the freezing cycle 1 . Namely, 
one end of the bypass passage 9 is connected between 
the accumulator 7 and the internal heat exchanger 4 
and the other end is connected between the internal 
heat exchanger 4 and the compressor 2 so that the gas- 
phase coolant resulting from the separation achieved at 
the accumulator 7 is directly delivered to the compres- 



sor 2. 

[0023] Furthermore, a flow-regulating valve 1 0 that 
adjusts the flow rate of the coolant flowing through the 
bypass passage 9 is provided at the bypass passage 9. 
5 The flow-regulating valve 10 may be constituted of, for 
instance, an electromagnetic valve, the degree of open- 
ness of which is varied by a stepping motor 10a, and its 
degree of openness is automatically controlled by a 
controller 1 1 . 

10 [0024] The controller 1 1 , which comprises a central 
processing unit (CPU), a read only memory (ROM), a 
random access memory (RAM), an input / output port 
(I/O) and the like (not shown), is provided with a drive 
circuit for driving the stepping motor 1 0a of the f low-reg- 

15 ulating valve 10 and processes various signals related 
to the cycle state in conformance to a specific program 
provided in the ROM. 

[0025] In other words, the controller 1 1 engages in 
the processing illustrated in FIG. 2, in which a pressure 

20 signal from a pressure sensor 12 that detects the dis- 
charge pressure at the compressor 2, a signal from a 
discharge temperature sensor 13 that detects the dis- 
charge temperature at the compressor 2 and a signal 
from an evaporator temperature sensor 14 that detects 

25 the load applied to the evaporator 6 as, for instance, the 
coolant temperature at the outlet of the evaporator are 
input (step 50), an optimal pressure that allows the COP 
to reach the maximum value is calculated based upon 
the signals, a decision is made as to whether or not the 

30 high-pressure has risen to a level in the danger zone 
and a decision is made as to whether or not the dis- 
charge temperature has risen to a dangerous level (step 
52) and the degree of openness of the electromagnetic 
valve is determined based upon the results obtained in 

35 step 52 to implement drive control on the degree of 
openness of the flow-regulating valve 10 so that the 
desired degree of openness is achieved (step 54). 
[0026] In the structure described above, if it is nec- 
essary to achieve the maximum COP, for instance, a 

40 decision can be made with respect to the quantity of 
heat exchange to be set for the internal heat exchanger 
4 to achieve the optimal discharge pressure that allows 
the COP to reach the maximum value as indicated 
through the relationships in FIGS. 7 and 8, and thus, the 

45 degree of openness of the flow-regulating valve 10 is 
controlled to achieve this heat exchange quantity. 
[0027] Furthermore, in addition to maintaining the 
most desirable operating state, the cycle can be tempo- 
rarily protected by adjusting the coolant flow rate in the 

so bypass passage 9 with the flow-regulating valve 10 if 
the pressure on the high-pressure side has risen to a 
level in the danger zone due to a fluctuation of the load 
or if the discharge temperature has risen to an exces- 
sive degree. 

55 [0028] In more specific terms, if the high-pressure 
detected by the pressure sensor 12 has risen to a level 
in the danger zone due to a fluctuation of the load or the 
like, the flow-regulating valve 10 is closed to stop the 
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coolant from flowing into the bypass passage 9 so that 
the quantity of heat exchange performed by the internal 
heat exchanger 4 is increased. As indicated by the char- 
acteristics presented in FIG. 8, by increasing the quan- 
tity of heat exchange performed by the internal heat 
exchanger, the discharge pressure (indicated by the O) 
can be lowered. 

[0029] In addition, if the discharge temperature 
detected by the discharge temperature sensor 13 has 
risen to a level in the danger zone due to a fluctuation of 
the load or the like, the degree of openness of the flow- 
regulating valve 10 is increased to increase the flow rate 
of the coolant flowing into the bypass passage 9 so that 
the quantity of heat exchange performed by the internal 
heat exchanger 4 is reduced. As indicated by the char- 
acteristics presented in FIG. 8, by reducing the quantity 
of heat exchange performed by the internal heat 
exchanger 4, the discharge temperature (indicated by 
the A) is lowered. 

[0030] By changing the quantity of heat exchange 
performed by the internal heat exchanger 4 with the 
flow-regulating valve 10, the cycle balance can be con- 
trolled freely to maintain the optimal high pressure so 
that the maximum cycle efficiency is achieved and also 
to temporarily protect the cycle if the pressure on the 
high-pressure side or the discharge temperature has 
risen to an excessive degree. As a result, control, which 
is implemented in correspondence to the heat load can 
be implemented in a freezing cycle that uses a super- 
critical fluid, as an alternative to the superheat control 
implemented in a freon cyde in the prior art. 
[0031 ] FIG. 3 illustrates another structural example 
that may be adopted to implement control on the bypass 
flow rate. In this example, the flow-regulating valve 10 is 
constituted of, for instance, a bellows valve, the degree 
of openness of which is adjusted in correspondence to 
the discharge pressure at the compressor 2, and the 
degree of openness of the bypass passage is reduced 
as the high-pressure rises to increase the flow rate of 
the coolant flowing into the internal heat exchanger 4. 
By adopting this structure, since the pressure on the 
high-pressure side is fed back at all times to determine 
the coolant flow rate at the bypass passage 9, the quan- 
tity of heat exchange performed by the internal heat 
exchanger 4 can be adjusted to sustain the pressure on 
the high pressure side at the optimal level at all times 
and, likewise, to achieve the maximum cycle efficiency 
even when the cooling load or the like has fluctuated. 
[0032] It is to be noted that while the bypass pas- 
sage 9 shown in FIGS. 1 and 3 may instead be provided 
in the high-pressure line 8a so as to connect the outlet 
side of the gas cooler 3 and the intake side of the expan- 
sion valve 5, it is more desirable to provide it in the low- 
pressure line 8b, as illustrated in the figures, so as to 
connect the outlet side of the accumulator 7 and the 
intake side of the compressor 2. 
[0033] This depends on reasons of 0 if the bypass 
passage is provided in the high-pressure line 8a, a great 



quantity of high-density gas concentrates in the high- 
pressure line 8a to raise the pressure at the low-pres- 
sure line 8b greatly when the cyde operation stops, at 
which point the pressure over the entire cycle achieves 

5 equilibrium. If, on the other hand, the bypass passage is 
provided in the low-pressure line 8b, the coolant density 
within the bypass passage is lower, even while the volu- 
metric capacity of the entire cycle remains the same, so 
that the equilibrium pressure at the time of cycle stop 

w can be reduced; © it is necessary to reduce the volu- 
metric capadty of the cyde and, in particular, the volu- 
metric capadty of the high-pressure side, in order to 
reduce the volumetric capacity of the accumulator 7 
provided on the low pressure side; © while it is neces- 

15 sary to ensure that the flow-regulating system is capa- 
ble of withstanding a high level of pressure within the 
range of 10 ~ 1 5MPa to which the pressure on the high- 
pressure side rises when providing the bypass passage 
on the high-pressure side to adjust the flow rate, an 

20 existing device can be utilized if the bypass passage is 
provided in the low-pressure line 8b; and so on. 
[0034] FIG. 4 illustrates another example of the 
means for adjustment provided to adjust the quantity of 
heat exchange performed by the internal heat 

25 exchanger 4, and the following explanation will mainly 
focus on differences from the previous example with the 
same reference numbers assigned to identical compo- 
nents to predude the necessity for repeated explanation 
thereof. 

30 [0035] In the freezing cycle 1 , a passage 1 5 through 
which the coolant flows from the accumulator 7 into the 
internal heat exchanger 4 branches into a plurality of 
branch passages (e.g., 3 passages) 15a, 15b and 15c. 
The first branch passage 15a is connected so that the 

35 coolant is allowed to flow through the entire low pres- 
sure passage 4b of the internal heat exchanger 4, the 
second branch passage 15b is connected at a position 
at which the coolant flows into the low pressure pas- 
sage 4b approximately 2/3 of the way along its length 

40 from the outflow end and the third branch passage 15c 
is connected at a position at which the coolant flows into 
the low pressure passage 4b approximately 1/3 of the 
way along its length from the outflow end. The individual 
branch passages are opened / closed by flow-regulating 

45 valves 16a, 16b and 16c respectively, each constituted 
of an electromagnetic valve. The flow-regulating valves 
16a, 16b and 16c are driven / controlled by a controller 
11\ 

[0036] This controller 1 1 too, is capable of control- 
so ling the heat exchange quantity by receiving signals 
from the pressure sensor 12, which detects the dis- 
charge pressure at the compressor 2, discharge tem- 
perature sensor 13, which detects the discharge 
temperature at the compressor 2 and the evaporator 
55 temperature sensor 14, which detects the load applied 
to the evaporator 6 as, for instance, the coolant temper- 
ature at the outlet of the evaporator, determining 
whether the individual flow-regulating valves 16a, 16b 
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and 16c are to be opened / closed in conformance to a 
specific program provided in advance and changing the 
range of heat exchange (the passage length over which 
heat exchange is achieved) performed by the internal 
heat exchanger 4. 

[0037] If it is necessary to maximize the COP, for 
instance, control whereby the flow regulating valve cor- 
responding to the branch passage that will maximize 
the COP is selected and opened in conformance to the 
relationships illustrated in FIGS. 7 and 8 and the other 
flow-regulating valves are closed, is implemented in the 
structure described above. 

[0038] In addition, if the high-pressure detected by 
the pressure sensor 12 has risen to a level in the danger 
zone due to a fluctuation of the load or the like, the sec- 
ond and third flow-regulating valves 16b and 16c are 
closed and the first flow-regulating valves 16a is 
opened, to set the quantity of heat exchange performed 
by the internal heat exchanger 4 to the maximum level. 
As indicated by the characteristics presented in FIG. 8, 
by increasing the quantity of heat exchange performed 
by the internal heat exchanger 4, the discharge pres- 
sure can be lowered. Furthermore, if the discharge tem- 
perature detected by the discharge temperature sensor 
13 has risen to a level in the danger zone due to a fluc- 
tuation of the load or the like, the first and second flow- 
regulating valves 16a and 16b, for instance, are closed 
and the third flow-regulating valves 16c is opened to 
reduce the quantity of heat exchange performed by the 
internal heat exchanger. As indicated by the character- 
istics presented in FIG. 8, by reducing the quantity of 
heat exchange performed by the internal heat 
exchanger 4, the discharge temperature can be low- 
ered. 

[0039] By adjusting the quantity of heat exchange 
performed by the internal heat exchanger 4 through the 
open / close control of the flow-regulating valves 16a, 
16b and 16c in this manner, the cycle balance can be 
controlled and a high degree of cycle efficiency can be 
maintained. At the same time, if the pressure on the 
high pressure side or the discharge temperature rises to 
an excessive degree, it can be lowered so that the cycle 
is temporarily protected. 

[0040] It is to be noted that while a plurality of 
branch passages are provided on the inflow side of the 
low pressure passage 4b of the internal heat exchanger 
4 to vary the heat exchange range (the passage length 
over which heat exchange is achieved) for the internal 
heat exchanger 4 in the example described above, sim- 
ilar advantages may be achieved by branching the out- 
flow side of the low pressure passage 4b into a plurality 
of passages to vary the length over which heat 
exchange is achieved or by providing a branch passage 
on the inflow side or the outflow side of the high-pres- 
sure passage 4a of the internal heat exchanger to vary 
the heat exchange range (the passage length over 
which heat exchange is achieved). In addition, the 
number of such branch passages should be determined 



by taking into consideration the required control accu- 
racy and the practicality and may be set at 2, 4 or more. 
[0041 ] Furthermore, any of structures that allow the 
coolant flow rate or the passage length over which heat 
5 exchange is performed, other than the structures 
described above provided with the bypass passage and 
the branch passages, may be adopted in the method of 
controlling the quantity of heat exchange performed by 
the internal heat exchanger. 

w 

Industrial Applicability 

[0042] As explained above, according to the 
present invention, the freezing cycle utilizing a super- 

15 critical fluid as its coolant is provided with an internal 
heat exchanger that performs heat exchange on the 
coolant on the outlet side of the gas cooler and the cool- 
ant on the intake side of the compressor and a means 
for adjustment that adjusts the quantity of heat 

20 exchange performed by the internal heat exchanger 
and, as a result, the cycle balance can be controlled 
with ease by varying the quantity of heat exchange per- 
formed by the internal heat exchanger to control the 
high-pressure of the cycle, the discharge temperature at 

25 the compressor, the freezing capability of the cycle, the 
COP and the like. 

[0043] Consequently, even when the cycle balance 
is shifted by the external air temperature or the internal 
load, the high-pressure in the freezing cycle can be 

30 maintained at the optimal level by adjusting the quantity 
of heat exchange performed by the internal heat 
exchanger to achieve the maximum cycle efficiency. 
Moreover, in addition to maintaining the optimal operat- 
ing state, the cycle can be temporarily protected by sup- 

35 pressing the high-pressure or the discharge 
temperature at the compressor that has reached a level 
in the danger zone due to a fluctuation of the load or the 
like through adjustment of the quantity of heat exchange 
performed by the internal heat exchanger. 

40 

Claims 

1. A freezing cycle utilizing a supercritical fluid as a 
coolant thereof, comprising: a compressor that 

45 raises the pressure of the coolant; a gas cooler that 
cools down the coolant whose pressure has been 
raised by said compressor; an internal heat 
exchanger that performs heat exchange for the 
coolant on an outlet side of said gas cooler and the 

so coolant on an intake side of said compressor; a 
means for pressure reduction that reduces the 
pressure of the coolant supplied from said gas 
cooler via said internal heat exchanger; and an 
evaporator that evaporates the coolant, whose 

55 pressure has been reduced by said means for pres- 
sure reduction; wherein the coolant flowing out of 
said evaporator is made to be returned to said com- 
pressor via said internal heat exchanger, character- 
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ized in that a means for adjustment that adjusts the 
quantity of heat exchange performed by said inter- 
nal heat exchanger. 



cycle. 

8. A freezing cycle according to claim 2, wherein: 



2. A freezing cycle according to claim 1 , wherein: s 

said means for adjustment is constituted of a 
bypass passage that bypasses said interna! 
heat exchanger and a flow regulating valve that 
adjusts the flow rate of the coolant flowing 10 
through said bypass passage. 

3. A freezing cycle according to claim 2, wherein: 



said bypass passage connects a downstream 
side of said evaporator and an intake side of 
said compressor. 

9. A freezing cycle according to claim 1 , wherein: 

said means for adjustment varies the passage 
length over which heat exchange is performed 
by said internal heat exchanger. 



said flow-regulating valve is constituted of an is 
electromagnetic valve, the degree of openness 
of which is determined in conformance to infor- 
mation regarding the cycle state. 

4. A freezing cycle according to claim 3, wherein: 20 

the degree of openness of said electromag- 
netic valve is determined in conformance to 
said information with regard to the cycle state 
so as to achieve a discharge pressure at said 25 
compressor that results in a maximum COP 
(coefficient of performance). 

5. A freezing cycle according to claim 3, wherein: 

30 

the degree of openness of said electromag- 
netic valve is determined in conformance with 
information regarding the cycle state so that 
the quantity of heat exchange performed by 
said internal heat exchanger is increased by 35 
closing said electromagnetic valve when the 
pressure on the high-pressure side has risen to 
a level equal to or higher than a specific pres- 
sure. 

40 

6. A freezing cycle according to claim 3, wherein: 

the degree of openness of said electronic valve 
is determined in conformance with information 
regarding the cycle state so that the quantity of 45 
heat exchange performed by said internal heat 
exchanger is reduced by increasing the degree 
of openness of said electromagnetic valve if the 
discharge temperature at said compressor 
rises to a level equal to or higher than a specific so 
temperature. 

7. A freezing cycle according to claim 2, wherein: 



10. A freezing cycle according to claim 9, wherein: 

a means for changing said passage length is 
achieved by providing a plurality of branch pas- 
sages on an inflow side or an outflow side of 
said internal heat exchanger, connecting said 
branch passages at different positions along 
said passage length within said internal heat 
exchanger, providing flow-regulating valves 
individually in said branch passages and 
selecting a flow-regulating valve to be opened 
among said flow-regulating valves. 

11. A freezing cycle according to claim 10, wherein: 

a flow-regulating valve that allows the COP 
(coefficient of performance) to reach a maxi- 
mum value is selected to be opened. 

12. A freezing cycle according to claim 10, wherein: 

a flow-regulating valve that increases said pas- 
sage length when the pressure on the high- 
pressure side has risen to a level equal to or 
higher than a specific pressure is selected to 
be opened. 

13. A freezing cycle according to claim 10, wherein: 

a flow-regulating valve that reduces said pas- 
sage length when the discharge temperature at 
said compressor has risen to a level equal to or 
higher than a specific temperature is selected 
to be opened. 

14. A freezing cycle according to claim 1, 2 or 9, 
wherein: 

the supercritical fluid is carbon dioxide. 



said flow-regulating valve is constituted of a 55 
bellows regulating valve, the degree of open- 
ness of which is adjusted in correspondence 
with the pressure in a high-pressure line in said 
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